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Previews
ents transplanted with sorted single HSCs from GFP-“Homing to Niche,”
transgenic mice. While this study can be regarded asa New Criterion only another lap around the HSC-purification racetrack,
it is a remarkable achievement, demonstrating over 95%for Hematopoietic Stem Cells?
long-term multilineage reconstitution after transplanta-
tion of a single purified HSC. The key to this success is
six-color FACS analysis and cell sorting, using a combi-
nation of cell surface staining with monoclonal antibod-By combining cell surface staining with fluorochrome-
ies and Hoechst 33342 dye efflux analysis. The cellsconjugated monoclonal antibodies and Hoechst 33342
that have the strongest dye efflux capacity (Tip-SP cells),dye supravital staining, Matsuzaki et al. have suc-
with a CD34KSL phenotype, are HSCs with nearlyceeded in enriching hematopoietic stem cells (HSCs)
100% long-term marrow reconstitution capacity afteressentially to homogeneity. When single-cell trans-
single cell transplantation. One of three sets of experi-plantation analysis was performed using the isolated
ments revealed long-term multilineage reconstitution incells, over 95% of the recipient mice showed long-
all 33 recipients after transplantation. The study provesterm multilineage engraftment. The work demon-
that the marrow seeding efficiency of HSCs is nearlystrates unexpectedly high marrow seeding efficiency
100%.of HSCs and proposes high marrow homing capacity
These results highlight some intriguing features ofas a new criterion for HSCs.
HSCs. The efficiency of HSCs (among Tip-SP CD34KSL
cells) in seeding their bone marrow niche was nearlyStem cells are generally defined as cells capable of both
100%, consistent with recent observations made by Is-self-renewal and multilineage differentiation. During de-
cove et al. (Benveniste et al., 2003). Based on thesevelopment and regeneration of a given tissue, such cells
results, Matsuzaki et al. propose the capacity to homegive rise to non-self-renewing progenitors with re-
to bone marrow as a third criterion in defining HSCs.stricted differentiation potential, and finally to function-
However, it may be too early to include homing capacityally mature cells, while maintaining primitive stem cells.
among the criteria for HSCs since it is not yet clear
Because of these unique properties, stem cells offer the
whether Tip-SP CD34KSL cells constitute all HSCs in
novel and exciting possibility of organ reconstitution in
bone marrow. HSCs may exist that lack homing capacity
place of transplanted or artificial organs in the treatment
and whose stem cell activity can be tested only by intra-
of organ failure. Among different stem cells, hematopoi-
bone marrow injection. Perhaps HSCs and early hema-
etic stem cells (HSCs) are the best studied.
topoietic progenitor cells differ simply in their ability to
Purification of HSCs has progressed significantly over home to a bone marrow niche where HSCs can self-
the last two decades, strongly assisted by well-estab- renew. This unexpectedly high homing capacity of HSCs
lished assay techniques. Technological advances in is a significant and intriguing aspect of stem cell biology.
flow cytometry and electronic cell sorting have also Although osteoblastic cells reportedly have a role in the
aided in stem cell purification. The frequency of HSCs HSC bone marrow niche (Calvi et al., 2003; Zhang et al.,
in sorted cells is determined using in vivo long-term 2003), not much is known about the site to which HSCs
marrow reconstitution assays, counting competitive re- home. The molecular mechanisms regulating HSC hom-
population units (CRUs) by limiting-dilution analysis. Pu- ing deserve more intensive study, especially given the
rity of HSCs in the sorted fraction is estimated by divid- importance of such homing in a variety of medical appli-
ing CRU frequency by seeding efficiency, a probability cations.
representing homing of tail-vein-infused HSCs to the The results here also may provide new insights into
bone marrow. The seeding efficiency of HSCs, like that the debate about stem cell fate. Both stochastic and
of CFU-S (Siminovitch et al., 1963), was estimated to be deterministic models have been proposed for the alter-
between 10% and 20%, based on the 48 hr bone marrow native fates of self-renewal versus lineage commitment.
seeding of cells capable of long-term reconstitution Till et al. suggested that stem cell fate is determined
(Lanzkron et al., 1999). Using seeding efficiency as a stochastically with an average frequency of 60% for
“fudge factor,” previous reports tended to overestimate self-renewal (Till et al., 1964; Vogel et al., 1968). The
the purity of HSCs in a given fraction. In 1996, however, findings of Matsuzaki et al. do not support this model;
Osawa et al. showed that transplantation of single they favor the nonrandom, deterministic model. Be-
CD34low/negativeKitScaLin (CD34KSL) cells into lethally cause each transplanted single HSC reconstituted the
irradiated congenic mice resulted in engraftment of 20% recipient’s bone marrow long-term, every individual HSC
of the recipients, clearly indicating that the seeding must have taken the path of self-renewal at the first
efficiency must be higher than 20%. Single-cell trans- cell division. Presumably, external signals promote this
plantation experiments subsequently demonstrated en- self-renewal.
graftment rates of 30%–40% (Ema et al., 2000; Wagers The data of Matsuzaki et al. also implicate the cells
et al., 2002), but the actual seeding efficiency of HSCs with highest dye efflux capacity as the most primitive
remained unclear. HSCs. Although Tip-SP CD34KSL cells may not include
In this issue, Matsuzaki et al. have demonstrated ab- all HSCs in the bone marrow, they represent a selected
population for pure HSCs. Thus, at a minimum thesesolute engraftment of lethally irradiated syngenic recipi-
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cytoplasmic portion of the L-selectin protein, pointingIL-6 trans-Signaling:
to an intracellular signaling mechanism. Surprisingly,The Heat Is On the authors demonstrate that L-selectin activation is
mediated through stimulation of the cytokine receptor
gp130 by interleukin-6 (IL-6) in combination with its solu-
ble (sIL-6R) rather than its membrane-bound receptor.
The molecular consequence of the fever response has Thus IL-6-driven immune responses mediated by the
been illuminated by a recent study showing that a soluble IL-6R emerge as a molecular consequence of
temperature shift to 40C resulted in increased leuko- the febrile reaction in the human body.
cyte adhesion to tissue sections, which was mediated gp130 is the common receptor subunit for the cyto-
by L-selectin activation in lymphocytes. This L-selectin kines IL-6, IL-11, IL-27, CNTF, CT-1, CLC, LIF, and OSM.
activation during heat responses was dependent on On target cells, IL-6 first binds to the membrane-bound
IL-6 trans-signaling via the soluble IL-6R. IL-6R. The complex of IL-6 and membrane-bound IL-6R
associates with gp130, inducing gp130 dimerization and
Febrile viral infections such as influenza cause signifi- the initiation of intracellular signaling. gp130 is ex-
cant morbidity, mortality, and economic disruption pressed by all cells in the body, whereas the membrane-
worldwide, particularly in the elderly and in patients with bound IL-6R is mainly expressed by hepatocytes, mono-
underlying chronic medical conditions, including pulmo- cytes/macrophages, and some lymphocytes (Taga and
nary diseases and diabetes mellitus. In spite of vaccina- Kishimoto, 1997). Interestingly, IL-6 has been found to
tion, a very recent report showed that 7% of U.S. deaths use an alternative pathway to activate target cells lack-
are still attributable to pneumonia and influenza infec- ing the membrane-bound IL-6 receptor via a naturally
tions (CDC, 2003). Anyone who has experienced a sea- occurring soluble form of the IL-6R (sIL-6R). The sIL-6R
sonal flu might have wondered about the reason behind has been found in various body fluids and is generated
the febrile response of our body. Fever responses occur by two independent mechanisms: limited proteolysis of
in the course of viral and bacterial infections and as a the membrane protein and translation from an alterna-
consequence of tumor growth. Although the fever re- tively spliced mRNA. The sIL-6R together with IL-6 stim-
sponse is evolutionarily conserved, it is the least under- ulates cells that only express gp130, a process that has
stood component of the acute inflammatory response. been named IL-6 trans-signaling (Figure 1A) (Jones and
This may have changed with the work of Sharon Evans Rose-John, 2002). Importantly, it has been shown that
and colleagues, which is published in this issue of Immu- the soluble form of gp130, which is also found in various
nity (Chen et al., 2004). body fluids including plasma, exclusively inhibits IL-6/
The authors show that the adhesion of leukocytes to sIL-6R trans-signaling responses, whereas the stimula-
tissue sections via the L-selectin homing receptor is tion via the membrane-bound IL-6R (classic IL-6 signal-
increased when the temperature is raised from 37C to ing) is unaffected (Figure 1B). This selectivity is due to
the fact that IL-6 alone does not bind to membrane-40C. The activation of L-selectin is dependent on the
